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Abstract
Background: Night–shift work may cause severe disturbances in the worker’s circadian rhythm, which has been
associated with the onset of health problems and diseases. As a substantial part of the workforce is exposed to
night–shift work, harmful aspects of night–shift work should not be overlooked. The aim of the Klokwerk + study
is to study the effects of night–shift work on body weight and infection susceptibility and the mechanisms
underlying these health effects. First, we will study the relation between night–shift work exposure and body
weight and between night–shift work exposure and infection susceptibility. Second, we will examine the
mechanisms linking night–shift work exposure to body weight and infection susceptibility, with a specific focus
on sleep, physical activity, diet, light exposure, vitamin D level, and immunological factors. Lastly, we will focus
on the identification of biomarkers for chronic circadian disturbance associated with night–shift work.
Methods/design: The design of this study is a prospective observational cohort study consisting of 1,960 health
care workers aged 18–65 years. The study population will consist of a group of night–shift workers and an equally
sized group of non–night–shift workers. During the study, there will be two measurement periods. As one of the
main outcomes of this study is infection susceptibility, the measurement periods will take place at approximately
the first (September/October) (T0) and the last month (April/May) (T1, after 6 months) of the flu season. The
measurements will consist of questionnaires, anthropometric measurements, a smartphone application to
determine infection susceptibility, food diaries, actigraphy, light sensors, and blood sample analyses.
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Discussion: The Klokwerk + study will contribute to the current need for high–quality data on the health effects
of night–shift work and its underlying behavioral and physiological mechanisms. The findings can be the starting
point for the development of interventions that prevent negative health effects caused by night–shift work. In
addition, the identification of biomarkers indicative of loss of homeostasis due to circadian disturbance may be
an important asset in monitoring the effects of such interventions.
Keywords: Night–shift work, Body weight, Infection susceptibility, Sleep, Physical activity, Diet, Light exposure,
Vitamin D, Immunological factors
Background
In modern society, our economy operates 24/7 with the
principles of supply and demand going on at all times.
Consequently, a substantial part of the workforce is re-
quired to work outside the regular 9 to 5 office hours, with
approximately one in five European workers being exposed
to schedules that include night shifts [1]. Engaging in shift
work, and particularly in night–shift work, may lead to the
disturbance of workers’ natural circadian rhythm of bio-
logical functions that may subsequently interfere with their
health and well–being [2]. The Klokwerk consortium was
formed to assess the potential adverse health effects of
night–shift work. Within the consortium two studies are
conducted. The Klokwerk study (study protocol described
elsewhere [3]) implements a comprehensive protocol that
has been developed to conduct detailed assessment of
exposure to the multi–dimensional aspects of night–shift
work. The second aim of the Klokwerk study is the identi-
fication of long–term markers of circadian disruption. The
Klokwerk + study is described here. While the two studies
both have a unique aim, they are overlapping in the
methods that are applied. Therefore, combining data from
the two will provide unique insights in the adverse health
effects of night–shift work, beyond what could have been
achieved in each study separately.
Besides acute effects, such as sleep disturbances and
social problems, night–shift work has also been linked to
chronic effects, such as cardiovascular diseases and cancer
[4–6]. In addition, evidence is accumulating on the rela-
tion between night–shift work and two other major public
health problems for today’s society: overweight and infec-
tious diseases [7–9]. Previous studies in mice have found a
causal relationship between circadian disturbance and
body weight gain [10, 11]. In humans, epidemiological
studies have also indicated that overweight and obesity
may be more prevalent in night–shift workers compared
to non–night–shift workers [9, 12–14]. Besides body weight
gain, night–shift work may also cause increased infection
susceptibility [7, 15]. Circadian disturbance might increase
the risk of becoming infected with an infectious pathogen
as well as intensify the severity of an infectious disease once
infected. Although multiple (review) studies have found
support for the relation between night–shift work and body
weight gain [8, 9, 16], and night–shift work and infection
susceptibility [7, 15, 17], there is a need for more high–
quality studies (i.e. studies of high methodological quality
and with a longitudinal design) on this topic in order to
draw more convincing conclusions and to examine under-
lying mechanisms.
The circadian disturbance caused by exposure to night–
shift work has been proposed as the driver of multiple path-
ways that induce these adverse health effects [16, 18, 19].
These pathways can be roughly divided into the following
three groups of factors: psychosocial, behavioral, and
physiological factors [16, 18–22]. With respect to psycho-
social factors, night–shift work may be associated with
higher job strain, lower job satisfaction and disturbances in
work–life balance [23, 24]. This may induce high levels of
stress and consequently contribute to an increase in body
weight and infection susceptibility [7, 16, 19, 25]. Secondly,
disturbances in day–night rhythm experienced by night–
shift workers may bring about behavioral changes in sleep
and lifestyle. Besides the irregular sleeping pattern caused
by shift schedules [26, 27], night–shift work may also alter
sleep quantity and quality [21, 23, 28]. Furthermore, pre-
vious studies have indicated that night–shift workers
engage in poorer diet behaviors and less physical activity
[8, 9, 29, 30], smoke more and consume more alcohol
[2, 20, 31]. These behavioral changes may increase night–
shift workers’ risk of obesity [16, 32, 33], and may weaken
their immune system, making them more susceptible to
infection [7, 34–40]. With respect to physiological factors,
artificial light exposure and food intake during normal
sleeping periods may further disturb the circadian cycle
and a lack of sun light exposure may result in an altered
vitamin D level [41, 42], which may increase susceptibility
to infections and contribute to body weight gain [43–46].
Besides the pathway via vitamin D, circadian disturbance
may also have a direct effect on immunological factors by
affecting the cellular immune response [17, 47].
Insight into the mechanistic factors underlying the
adverse health effects of night–shift work is needed to
develop preventive strategies. The use of biological markers
may provide an opportunity to determine the presence of
chronic circadian disturbance and to monitor the effects of
interventions on circadian disturbance long before adverse
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health effects manifest [48]. Currently used biomarkers,
such as melatonin and cortisol [49], have disadvantages:
firstly, as these biomarkers are under circadian control,
multiple measurements around the clock are required to
validate these markers, and secondly, they provide informa-
tion on acute circadian disturbance, but not on cumulative,
chronic circadian disturbance [48]. Therefore, it would be
desirable to identify biomarkers that are indicative of loss
of homeostasis due to chronic circadian disturbance.
The main aim of this study is to examine the effects of
night–shift work on body weight and infection susceptibi-
lity and the mechanisms underlying these health effects.
First, we will study the relation between night–shift work
exposure and body weight and between night–shift work
exposure and infection susceptibility. Second, we will
examine the mechanisms linking night–shift work expo-
sure to body weight and infection susceptibility, with a
specific focus on sleep, physical activity, diet, light expo-
sure, vitamin D level, and immunological factors. Lastly,
we will focus on the identification of biomarkers for circa-
dian disturbance associated with night–shift work.
Methods/design
Study design
The design of this study will be a prospective observa-
tional cohort study consisting of 1,960 health care workers
(both night–shift workers and non–night–shift workers).
During the study, there will be two measurement periods.
As one of the main outcomes of this study is infection
susceptibility, the measurement periods will take place at
approximately the first (September/October) (T0) and the
last month (April/May) (T1, after 6 months) of the flu
season in order to detect sufficient cases of influenza–like
illness (ILI) or acute respiratory infection (ARI) [50].
The measurements will consist of questionnaires, an-
thropometric measurements (i.e. body height, body weight,
and waist circumference), a smartphone application to
determine infection susceptibility, food diaries, actigraphy,
light sensors, and blood samples. At baseline, participants
will receive the smartphone application, actigraphy devices,
light sensor, and food diary. Furthermore, participants’
height, weight, and waist circumference will be measured
and they will be asked to fill in the questionnaire online.
The smartphone application will be used to report the pre-
sence of ILI/ARI on a daily basis during 6 months (until
the second measurement period). The actigraphy devices
and light sensor will be worn for 7 consecutive days. The
food diary will be kept for 3 consecutive days. At 6 months,
the second measurement period will take place, in which
the questionnaire, anthropometric measurements, actigra-
phy, and light sensor measurements will be repeated.
Furthermore, the total number of ILI/ARI cases of the past
flu season will be determined. Based on an expected inci-
dence of ILI/ARI cases from previous years, it is expected
that 175 health care workers will report ILI/ARI (10 %).
From these 175 expected cases and from 70 non–night–
shift working matched controls (e.g. gender, age), blood
samples will be drawn for immunological analyses.
Table 1 shows an overview of the measurement schedule.
Study population
The study population will consist of 1,960 health care
workers aged 18–65 years. In this study, nurses, phy-
sicians, and other (allied) health professionals (e.g. phys-
iotherapists, midwifes, dietitians, psychologists) working
in a hospital will be included. The study population will
consist of a group of night–shift workers and an equally
sized group of non–night–shift workers. Health care
workers will be allocated to the group of night–shift
workers if they work night shifts (shifts between mid-
night and 06.00 a.m.) for at least 1 night per month over
the past 6 months [51]. The non–night–shift work group
will consist of health care workers who have not worked
night shifts for at least 6 months. Furthermore, different
cut–off points will be used to compare night–shift workers
and non–night–shift workers based on information on
relevant night–shift work aspects, such as number of years
of night–shift work and frequency of night–shift work.
Besides being 18–65 years and working as a health care
worker in a participating hospital, another inclusion crite-
rion is that the participant is expected to be employed as a
health care worker during the complete follow–up period.
The source population of this study will be drawn
from several hospitals. A number of large hospitals in
Table 1 Overview of the measurement schedule
Measurement methods n Measurement period I (Sept/Oct) Sept/Oct–Apr/May Measurement period II (Apr/May)
Questionnaire 1960 One time − One time
Anthropometry 1960 One time − One time
Smartphone application 1960 Daily Daily −
Food diary 1960 3 days − −
Actigraphy 260 7 days − 7 days
Light sensor 260 7 days − 7 days
Blood sample 245 − − One time
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The Netherlands will be approached to participate in the
Klokwerk + study. After approval of the board, managers,
and the works council, the health care workers working
in the participating hospitals will be invited to parti-
cipate by means of an information letter and reply form,
which will be sent to them by e–mail or another internal
communication system of the hospital. Those willing to
participate will sign an informed consent form. In the
participating hospitals, the measurements will take place
in meetings lasting about an hour. Figure 1 shows the
flow diagram of the recruitment and study procedures
and the expected response.
Sample size calculation
The number of participants required for this study was
determined based on infection susceptibility, measured by
the occurrence of ILI/ARI cases. According to the World
Health Organization (WHO), every year, approximately
5–15 % of the population becomes infected with influenza
during flu season [52]. Based on the incidence of influenza
cases in previous years (Van Beek et al., submitted for
publication) and because the incidence of ILI/ARI cases is
higher than the incidence of influenza cases, it is expected
that approximately 10 % of the study population will
develop ILI/ARI. It is hypothesized that night–shift work-
ing health care workers will be more susceptible to ILI/
ARI than non–night–shift working health care workers.
Based on an assumed relative risk of 1.5 to be a relevant
difference between the two groups, the expected propor-
tion of ILI/ARI cases is set at 12 % in the group of night–
shift workers and at 8 % in the group of non–night–shift
workers. With a significance level of 5 % and a power of
Fig. 1 Flow diagram of the recruitment and study procedures and the expected response
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80 %, the sample size per group then becomes 882. After
including an expected drop–out rate of 10 %, 980 parti-
cipants per group are needed. Thus, in total, 1,960 health
care workers are needed in the study. We expect a re-
sponse rate of 25 % and we expect that of those respon-
ding, approximately 90 % will meet the inclusion criteria.
Hence, in total, 8,712 health care workers need to be
invited to participate (Fig. 1).
Study parameters
(Night-) shift work
The current study aims to capture all major domains of
shift work that have been identified by the international
consensus report by Stevens et al. (2011) [53]. Based on
this consensus report, the Nightingale study, a cohort
study among 60,000 night–shift working and non–night–
shift working nurses, already formulated questions regard-
ing all shift work domains (i.e. shift system, cumulative
exposure, shift intensity) [51]. In the current study, similar
questions will be used in which participants will be asked
to report their current work schedule and answer ques-
tions about their (night-) shift work history (e.g. number
of years of shift work, number of shifts per month) [51].
Body weight
Body height, body weight, and waist circumference will
be measured by direct measurements executed by the
researcher/research assistants. Body Mass Index (BMI)
can be calculated by dividing weight in kilograms by the
square of height in meters. In addition, the change in
BMI after follow–up relative to BMI at baseline can be
measured as an indication of potential body weight gain.
Infection susceptibility
Infection susceptibility is defined as the development of
ILI/ARI. Based on the ILI/ARI definitions of the European
Center for Disease Prevention and Control (ECDC) [54],
the following symptoms will be taken into account in this
study: cough, sore throat, shortness of breath, runny/stuffy
nose, fever, feverishness, hoarseness, coughing up mucus,
sneezing, and wheezing. An ILI/ARI case will be defined
as having two or more of these symptoms (except for
sneezing and wheezing) on the same day or as having at
least one of these symptoms (except for sneezing and
wheezing) during two subsequent days. A mobile phone
application has been developed by the University Medical
Center Utrecht (UMCU), Julius Center to detect parent–
reported ILI cases in children and appeared successful.
For the purpose of this study, this app will be further ad-
justed to make it applicable for the measurement of ILI/
ARI in adults. Besides measuring the presence of ILI/ARI,
the app will also provide insight into the duration of an
ILI/ARI episode. In the app, participants will keep a daily
log, in which they can report their ILI/ARI symptoms by
selecting their symptoms from a list consisting of the
aforementioned symptoms or they can select the box for
no symptoms/not more than usual. Participants with an
ILI/ARI will be asked to report on a 4-point Likert scale
(ranging from not at all to a lot) to what extent the ILI/
ARI symptoms bothered them. After an ILI/ARI has
occurred, participants will be marked as “recovered” from
their ILI/ARI if they report no symptoms for at least two
subsequent days or if only one and the same symptom is
being reported during a period of 5 days. Recovered
participants will receive a concluding questionnaire with
questions about ILI/ARI symptoms experienced by other
people in their household, sickness absenteeism, present-
eeism, other restrictions in daily activities, seeing a doctor,
hospital admission, and use of medication. The use of a
mobile phone application has appeared to be an easy and
efficient way to measure infection susceptibility, resulting
in high compliance.
Sleep factors
In this study, subjective sleep parameters will be monitored
using the Medical Outcomes Study (MOS) Sleep Scale
[55]. This questionnaire consists of 12 items that cover the
following 6 domains: sleep quantity, sleep adequacy, sleep
disturbance, somnolence, snoring, and shortness of breath
or headache. The questions relate to the participant’s usual
sleep habits during the past 4 weeks. To examine sleep
quantity, participants will be asked to report how many
hours of sleep they got per day during the past 4 weeks.
Besides this question about duration of sleep, participants
will be asked to report how long it has usually taken them
to fall asleep. In the other 10 items, participants will be
asked to indicate on a 6-point Likert scale (ranging from
all of the time to none of the time) how often they expe-
rienced certain problems related to their sleep. To measure
sleep quality, an overall score of multiple domains of the
MOS Sleep Scale (9 items) can be calculated. The MOS
Sleep Scale showed good validity and reliability [55, 56]. In
addition to the MOS Sleep Scale, participants will be asked
to indicate on a 5-point Likert scale (ranging from very
good to very bad) how they rate their overall sleep quality.
Furthermore, in their food and actigraphy diary, partici-
pants will report their sleep times and a subsample of
participants will wear actigraphy devices (see below). This
information will also provide insight into participants’ sleep
quantity and quality.
Physical activity
Physical activity will be measured using the Short QUes-
tionnaire to ASses Health enhancing physical activity
(SQUASH) [57]. In this questionnaire, the duration,
frequency, and intensity of leisure time activities, house-
hold activities, activity at work and school, and commu-
ting activities during a regular week in the past month are
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assessed. SQUASH has been found to be a fairly reliable
(r = 0.58) and reasonably valid (r = 0.45) questionnaire to
measure physical activity [57]. Furthermore, in a subsample
of the study population, physical activity will also be
measured objectively using actigraphy devices (GT3X
+/GT3XP–BTLE accelerometer, ActiGraph, Pensacola, FL,
USA). This subsample will be randomly drawn from the
total study population of night–shift workers and non–
night–shift workers and will consist of 130 night–shift
workers and 130 non–night–shift workers. Participants will
wear the actigraphy devices for 7 consecutive days [58].
Participants will keep a short diary on the exact wearing
times of the devices, the date, sleep times, time spent
outside, time spent cycling and exercising, whether it was a
working day or a free day, and in case of a working day,
what hours they worked. From the actigraph data, time
spent in physical activity of different intensities and seden-
tary time will be derived based on accelerometer cut–off
points in counts per minute. To measure sedentary beha-
vior, the sufficiently valid and reliable adapted Workforce
Sitting Questionnaire (WSQ) will also be used [59].
Diet behaviors
To gain more insight into the diet behaviors of night–shift
workers and non–night–shift workers, food diaries will be
used. Participants will be asked to keep a food diary for 3
consecutive days [30]. In the food diary, participants can
report the time of the day at which the food is consumed
and the type and amount of food that is consumed. The
eating episodes of the participants will be categorized
by means of the Food–Based Classification of Eating
Episodes (FBCE) [60]. This instrument was specially
developed to compare meal patterns and meal balance
between night–shift workers and non–night–shift workers
and is regarded as a reliable concept for food classification
[60]. The food diaries and the categorization of partici-
pants’ dietary patterns by means of the FBCE will be used
to assess participants’ timing of nutrition, frequency of
eating, and snacking behavior.
Light exposure
To objectively measure (sun) light exposure, a subsample
of the study population will be asked to wear a UV–sensi-
tive light sensor (HOBO Pendant Light Data Logger) for 7
consecutive days to record UV and light intensity. This
subsample will consist of the same participants (n = 260)
who will wear the actigraphy devices. The light sensor will
provide data on light exposure in 10-min bins of light
exposure above a threshold of 10 lumens/ft2. This data
will be used to compare light exposure in 3 timeframes
during 24-h (day, evening, night) between night–shift
workers and non–night–shift workers.
Vitamin D level and immunological factors
Blood samples will be drawn from the 175 expected cases
of ILI/ARI and 70 controls. Sterile coagulation tubes will
be used for the analysis of serum biomarkers including
cytokines (pro–inflammatory) and other biomarkers of
inflammation (e.g. C–reactive protein) using luminex assay,
and for the analysis of vitamin D levels. Furthermore,
EDTA tubes will be used for the analysis of biomarkers
such as cortisol, melatonin, insulin, free fatty acids, choles-
terol, and metabolic hormones. Sterile heparin tubes will be
used to analyze a set of specific cellular biomarkers inclu-
ding specific Thelper subsets (Th1, Th2, Treg, and Th17),
activation markers and functional assays into cytokine
responsiveness or proliferation. To this end, flow cytometry
will be used. Lastly, to examine mRNA markers by tran-
scriptomics (the study of RNA transcripts), blood samples
will be collected using PAXGENE blood mRNA tubes [48].
Other study parameters
Other study parameters will involve variables that may
play a (modifying) role in the relation between night–shift
work and health. Previous studies have for example indi-
cated that, in general, young individuals, males and eve-
ning types are better able to adapt to night–shift work
without adverse consequences [2, 61, 62]. The following
variables will be measured by self–report, based on exis-
ting validated questionnaires:
 Smoking (4 items on current and past smoking
behavior) and alcohol use (7 items on current
alcohol use behavior);
 Job satisfaction (1 item on the extent to which one
is satisfied with his/her job [63–65]);
 Work–life balance (4 items from the Survey
Work–home Interference NijmeGen (SWING)
[66, 67]);
 Socio–demographic factors (6 items on age, gender,
ethnicity, level of education, employment status, and
marital status);
 Chronotype (1 item from the Munich ChronoType
Questionnaire (MCTQ) on whether a person is a
morning or evening type [68]);
 Sickness absenteeism and presenteeism (8 items
from the Dutch version of the World Health
Organization’s Heath and Work Performance
Questionnaire (HPQ) on sickness absenteeism and
overall job performance [69]).
Table 2 provides an overview of the study parameters
and their measurement methods.
Statistical analysis
Regression analyses will be used to determine the asso-
ciation between night–shift work and BMI as well as
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Table 2 Overview of the study parameters, measurement methods and instruments
Parameter Specification Measurement method Instrument Source
Primary study parameters
(Night−) shift worka −Shift system Questionnaire Nightingale study
questionnaire
Pijpe et al. 2014
−Cumulative exposure
−Shift intensity





Infection susceptibility −Influenza like illness Daily log (app) Mobile phone application
−Acute respiratory infection
Secondary study parameters
Sleep factorsa −Sleep quantity Questionnaire; MOS Sleep Scale; Hays et al. 2005
−Sleep quality Actigraphy Actigraphy devices
−Sleeping pattern
Physical activitya −Duration Questionnaire; SQUASH; Wendel−Vos et al. 2003;




Diet behaviorsa −Timing of nutrition Food diary Food diary and FBCE Lennernäs & Andersson 1999
−Frequency of eating
−Snacking behavior
Light exposurea −Artificial light exposure Light sensor HOBO Pendant Light Data Logger
−Sun light exposure
Vitamin D levela −Vitamin D level Blood sample analyses 25−hydroxyvitamin D analysis
Immunological factorsa −mRNA Blood sample analyses Transcriptomics; Thelper subset










Smokinga −Smoking behavior Questionnaire Dutch Public Health Monitor GGD’en, CBS & RIVM, 2012
Alcohol usea −Alcohol use behavior Questionnaire Dutch Public Health Monitor GGD’en, CBS & RIVM, 2012
Job satisfaction −Job satisfaction Questionnaire TAS Smulders et al. 2001
Work−life balance −Work–life balance Questionnaire SWING Wagena & Geurts, 2000
Chronotypea −Morning/evening type Questionnaire MCTQ Roenneberg et al. 2003
Sickness absenteeism −Sickness absenteeism Questionnaire HPQ Kessler et al. 2003
−Presenteeism
BMI body mass index, CBS statistics Netherlands, FBCE food–based classification of eating episodes, GGD community health service, HPQ heath and work
performance questionnaire, MCTQ Munich chrono type questionnaire, MOS Sleep Scale medical outcomes study sleep scale, RIVM national institute for public
health and the environment, SQUASH short questionnaire to asses health enhancing physical activity, SWING survey work–home interference nijmeGen, TAS TNO
work situation survey, WSQ workforce sitting questionnaire
aStudy parameters that are also included in the Klokwerk study
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between night–shift work and infection susceptibility,
adjusted for confounders. Logistic regression analyses will
be conducted for dichotomous dependent variables and
linear regression analyses will be used for continuous
dependent variables. Multilevel analyses will be used to take
into account within–subject correlation due to repeated
measurements and clustering of observations of health care
workers within the same hospital/department. P–values less
than 0.05 will be considered statistically significant.
The mediating role of sleep, physical activity, diet behav-
iors, light exposure, vitamin D, and immunological factors
in the relationship between night–shift work and BMI and
infection susceptibility will be examined by mediation
analysis techniques. The mediating effect will be analyzed
by the product of coefficient approach consisting of three
regression analyses [70], followed by a Sobel test to deter-
mine the significance of the mediating effect [71]. Analyses
will be done separately per outcome and per mediating
variable.
The steps to be taken are to conduct a:
1. Univariate regression analysis with the independent
variable (night–shift work) predicting the outcome
(BMI/infection susceptibility);
2. Univariate regression analysis with the independent
variable (night–shift work) predicting the mediating
variable (e.g. sleep);
3. Multiple regression analysis with independent
variable (night–shift work) and mediating variable
(e.g. sleep) predicting the outcome (BMI/infection
susceptibility).
In case of significant relations in steps 1–2, step 3 will be
performed, where (partial or full) mediation is confirmed if
the effect of the mediating variable remains significant after
controlling for night–shift work. Full mediation is con-
cluded if the (significant) relation between night–shift work
and BMI/infection susceptibility disappears after controlling
for the mediating variable. Otherwise, there is partial medi-
ation (i.e. both night–shift work and sleep predict BMI/
infection susceptibility). To test the significance of the
mediating effect, subsequently a product of coefficients
approach (multiplying two regression coefficients) will be
performed and a standard error of the mediated effect will
be calculated using the Sobel test [71].
Analyses will be carried out using IBM SPSS Statistics,
version 22.0 (New York: IBM Corp).
Discussion
Night–shift work may cause severe disturbances in the
worker’s circadian rhythm, which has been associated with
the onset of health problems and diseases. As a substantial
part of the workforce is exposed to night–shift work,
harmful aspects of night–shift work may have a large
societal impact and should not be overlooked. Although
effort has been made to fill the knowledge gap, much
remains unclear about the interrelations between night–
shift work, psychosocial, behavioral, and physiological
factors, and health (i.e. body weight and infection suscep-
tibility). The Klokwerk + study is an observational study in
which the effects of night–shift work on body weight and
infection susceptibility and the mechanisms underlying
these health effects are studied. Due to its prospective
design, large sample size, and comprehensive approach in
studying potential mechanistic factors, this study will help
to address the current research gap regarding the relation
between night–shift work and overweight and infectious
diseases. Based on the findings of Klokwerk+, interven-
tions that prevent negative health effects of night–shift
work can be developed. For example, if the findings indi-
cate that diet plays an important mechanistic role in the
development of negative health outcomes of night–shift
work, interventions could be developed that target this
modifiable behaviors (e.g. advising to eat at particular
times during a night–shift period). Furthermore, the iden-
tification of biomarkers for circadian disturbance asso-
ciated with night–shift work may be an important asset in
monitoring the effects of such interventions. These efforts
could eventually contribute to the establishment of pre-
vention initiatives for night–shift workers that may sub-
sequently also lead to reduced health care costs and
productivity loss costs.
Several issues as to the design and execution of Klok-
werk +may influence the study findings and should
therefore be taken into account. As in most other obser-
vational studies, multiple study parameters will be
assessed based on self–reported information. However,
validated instruments will be used to measure these
parameters. Furthermore, a strength of this study is that
for several parameters, such as physical activity and
BMI, objective data will also be collected. With respect
to the study population, health care workers from
multiple occupational groups will be included. Although
this adds to the representativeness of our study sample,
it will increase variability within our study sample, which
may reduce internal validity. Another issue is related to
the definition of night–shift work. It was decided to
follow the definition given by Pijpe et al. (2014) [51], i.e.
night–shift work is defined as working night shifts for
≥1 night/month over the past 6 months. However, as
different aspects of shift work will be taken into account,
we will be able to study different levels of (night-) shift
work intensity and duration. Lastly, the recruitment of
non–night–shift workers may require additional effort,
as this group of health care workers may be underrepre-
sented in hospitals and they may be less concerned with
the topic of interest (i.e. night–shift work). In order to
ensure that there is an adequate representation of both
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night–shift workers and non–night–shift workers in the
study population, the distribution of night–shift work
exposure in the study population will be monitored mid-
way through the recruitment period. If there is a largely
unequal distribution of night–shift workers and non–
night–shift workers, additional recruitment strategies will
be used to recruit more night–shift workers or non–night–
shift workers.
In conclusion, the Klokwerk + study will contribute to
the current need for high–quality data on the health
effects of night–shift work and its underlying behavioral
and physiological mechanisms. This knowledge is pivotal
in reducing the burden that night–shift work may impose
on a large, and still rising, number of workers.
Abbreviations
ARI, acute respiratory infection; BMI, body mass index; CBS, statistics
Netherlands; ECDC, European center for disease prevention and control;
FBCE, food–based classification of eating episodes; GGD, community health
service; HPQ, heath and work performance questionnaire; ILI, influenza–like
illness; IRAS, institute for risk assessment sciences; MCTQ, Munich
ChronoType questionnaire; MOS Sleep, medical outcomes study sleep scale;
NKI, Dutch cancer institute; RIVM, national institute for public health and the
environment; SQUASH, Short QUestionnaire to ASses Health enhancing
physical activity; SWING, survey work–home Interference NijmeGen; TAS,
TNO work situation survey; UMCU, University Medical Center Utrecht;
WHO, world health organization; WSQ, workforce sitting questionnaire
Acknowledgements
To contribute to establishing a comprehensive insight into the health effects
of night–shift work, the Klokwerk + study collaborates with the original
Klokwerk study of the Institute for Risk Assessment Sciences (IRAS), Dutch
Cancer Institute (NKI) and the National Institute for Public Health and the
Environment (RIVM). In this joint project, questionnaire data, sensor data,
and biological samples including urine, feces, and blood samples are
collected from 100 short–term night–shift working nurses, 100 long–term
night–shift working nurses, and 100 non–night–shift working nurses. This
molecular epidemiology study has been designed to characterize aspects
of night work that are most relevant for human health, and to identify
biomarkers for chronic circadian disruption. Data collected in the Klokwerk
study and in the Klokwerk + study will be integrated and used to benefit
mutual objectives. We are grateful to Jelle Vlaanderen and Roel Vermeulen of
the Klokwerk study for their input during the design of the Klokwerk + study.
Funding
Klokwerk + is funded by the Strategic Program project 24/7 Health of the
Dutch National Institute for Public Health and the Environment (RIVM).
The funding body had no role in the study design; collection, analysis,
and interpretation of data; writing of the manuscript; or the decision to
submit the manuscript for publication.
Availability of data and material
Not applicable.
Authors’ contributions
BL wrote the first draft of the article with further contributions from DB, LK,
AB, DL, and KP. KP coordinated the work done in the Klokwerk + study.
All authors reviewed and edited the manuscript. All read and approved the
final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study will be conducted according to the principles of the Declaration
of Helsinki (64th World Medical Association General Assembly, Fortaleza,
Brazil, October 2013) and in accordance with the Dutch Medical Research
Involving Human Subjects Act. Approval of the study was obtained from the
institutional review board of the University Medical Center Utrecht, Utrecht,
The Netherlands (March 15, 2016). Informed consent will be obtained from
all participants.
Author details
1Center for Nutrition, Prevention and Health Services, National Institute for
Public Health and the Environment, P.O. Box 13720 BA Bilthoven, The
Netherlands. 2Department of Public and Occupational Health, EMGO Institute
for Health and Care Research, VU University Medical Center Amsterdam,
Amsterdam, The Netherlands. 3Center for Infectious Disease Control, National
Institute for Public Health and the Environment, Bilthoven, The Netherlands.
4Center for Health Protection, National Institute for Public Health and the
Environment, Bilthoven, The Netherlands. 5Institute for Risk Assessment
Sciences, Utrecht University, Utrecht, The Netherlands.
Received: 7 July 2016 Accepted: 15 July 2016
References
1. European Foundation for the Improvement of Living and Working
Conditions (Eurofound). Fifth European Working Conditions Survey.
Luxembourg: Publications Office of the European Union; 2012.
2. Costa G. Shift work and health: current problems and preventive actions.
Saf Health Work. 2010;1(2):112–23.
3. Van de Langenberg D, Vlaanderen J, Rookus M, Rodenburg W, Vermeulen R.
Klokwerk: A cross–sectional study to assess night–shift work related
exposures and their association with markers of biological perturbation.
Research protocol (Unpublished). 2015.
4. Kantermann T, Juda M, Vetter C, Roenneberg T. Shift–work research: Where
do we stand, where should we go? Sleep Biol Rhythms. 2010;8(2):95–105.
5. Vyas MV, Garg AX, Iansavichus AV, Costella J, Donner A, Laugsand LE, et al.
Shift work and vascular events: systematic review and meta–analysis. BMJ.
2012;345, e4800.
6. Wang XS, Armstrong ME, Cairns BJ, Key TJ, Travis RC. Shift work and chronic
disease: the epidemiological evidence. Occup Med (Lond). 2011;61(2):78–89.
7. Mohren DC, Jansen NW, Kant IJ, Galama J, van den Brandt PA, Swaen GM.
Prevalence of common infections among employees in different work
schedules. J Occup Environ Med. 2002;44(11):1003–11.
8. Proper KI, Van de Langenberg D, Rodenburg W, Vermeulen RCH, Van der
Beek AJ, Van Steeg H, et al. The relationship between shift work and
metabolic risk factors: a systematic review of longitudinal studies. Am J Prev
Med. 2016;50(5):e147–57.
9. Van Drongelen A, Boot CR, Merkus SL, Smid T, van der Beek AJ. The effects
of shift work on body weight change–a systematic review of longitudinal
studies. Scand J Work Environ Health. 2011;37(4):263–75.
10. Coomans CP, van den Berg SA, Houben T, Van Klinken JB, van den Berg R,
Pronk AC, et al. Detrimental effects of constant light exposure and high–fat
diet on circadian energy metabolism and insulin sensitivity. FASEB J.
2013;27(4):1721–32.
11. Van Dycke KC, Rodenburg W, Van Oostrom CT, Van Kerkhof LW, Pennings
JL, Roenneberg T, et al. Chronically alternating light cycles increase breast
cancer risk in mice. Curr Biol. 2015;25(14):1932–7.
12. Karlsson B, Knutsson A, Lindahl B. Is there an association between shift work
and having a metabolic syndrome? Results from a population based study
of 27,485 people. Occup Environ Med. 2001;58(11):747–52.
13. Karlsson BH, Knutsson AK, Lindahl BO, Alfredsson LS. Metabolic disturbances
in male workers with rotating three–shift work. Results of the WOLF study.
Int Arch Occup Environ Health. 2003;76(6):424–30.
14. Parkes KR. Shift work and age as interactive predictors of body mass index
among offshore workers. Scand J Work Environ Health. 2002;28(1):64–71.
15. Boden K, Brasche S, Straube E, Bischof W. Specific risk factors for contracting
Q fever: lessons from the outbreak Jena. Int J Hyg Environ Health.
2014;217(1):110–5.
16. Antunes LC, Levandovski R, Dantas G, Caumo W, Hidalgo MP. Obesity and
shift work: chronobiological aspects. Nutr Res Rev. 2010;23(1):155–68.
Loef et al. BMC Public Health  (2016) 16:692 Page 9 of 11
17. Castanon–Cervantes O, Wu M, Ehlen JC, Paul K, Gamble KL, Johnson RL,
et al. Dysregulation of inflammatory responses by chronic circadian
disruption. J Immunol. 2010;185(10):5796–805.
18. Knutsson A. Health disorders of shift workers. Occup Med (Lond).
2003;53(2):103–8.
19. Puttonen S, Harma M, Hublin C. Shift work and cardiovascular
disease–pathways from circadian stress to morbidity. Scand J Work
Environ Health. 2010;36(2):96–108.
20. Boggild H, Knutsson A. Shift work, risk factors and cardiovascular disease.
Scand J Work Environ Health. 1999;25(2):85–99.
21. Harrington JM. Health effects of shift work and extended hours of work.
Occup Environ Med. 2001;58(1):68–72.
22. Tenkanen L, Sjoblom T, Kalimo R, Alikoski T, Harma M. Shift work,
occupation and coronary heart disease over 6 years of follow–up in the
Helsinki Heart Study. Scand J Work Environ Health. 1997;23(4):257–65.
23. Barton J, Spelten E, Totterdell P, Smith L, Folkard S, Costa G. The Standard
Shiftwork Index: a battery of questionnaires for assessing shiftwork–related
problems. Work Stress. 1995;9(1):4–30.
24. Williams C. Work–life balance of shift workers. Perspectives. Ottawa:
Statistics Canada; 2008.
25. Chandola T, Brunner E, Marmot M. Chronic stress at work and the metabolic
syndrome: prospective study. BMJ. 2006;332(7540):521–5.
26. Ahasan R, Lewko J, Campbell D, Salmoni A. Adaptation to night shifts and
synchronisation processes of night workers. J Physiol Anthropol Appl
Human Sci. 2001;20(4):215–26.
27. Pietroiusti A, Neri A, Somma G, Coppeta L, Iavicoli I, Bergamaschi A, et al.
Incidence of metabolic syndrome among night–shift healthcare workers.
Occup Environ Med. 2010;67(1):54–7.
28. Akerstedt T. Psychological and psychophysiological effects of shift work.
Scand J Work Environ Health. 1990;16 Suppl 1:67–73.
29. Atkinson G, Davenne D. Relationships between sleep, physical activity and
human health. Physiol Behav. 2007;90(2–3):229–35.
30. Lowden A, Moreno C, Holmback U, Lennernas M, Tucker P. Eating and shift
work–effects on habits, metabolism and performance. Scand J Work Environ
Health. 2010;36(2):150–62.
31. Frost P, Kolstad HA, Bonde JP. Shift work and the risk of ischemic heart
disease–a systematic review of the epidemiologic evidence. Scand J Work
Environ Health. 2009;35(3):163–79.
32. Knutson KL, Van Cauter E. Associations between sleep loss and increased
risk of obesity and diabetes. Ann N Y Acad Sci. 2008;1129:287–304.
33. Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and
lifestyle and long–term weight gain in women and men. N Engl J Med.
2011;364(25):2392–404.
34. Arcavi L, Benowitz NL. Cigarette smoking and infection. Arch Intern Med.
2004;164(20):2206–16.
35. Bryant PA, Trinder J, Curtis N. Sick and tired: Does sleep have a vital role in
the immune system? Nat Rev Immunol. 2004;4(6):457–67.
36. Calder PC, Yaqoob P. Nutrient regulation of the immune response. In:
Erdman Jr JW, MacDonald IA, Zeisel SH, editors. Present knowledge in
nutrition. 10th ed. Hoboken: John Wiley & Sons; 2012. p. 688–708.
37. Ibarra–Coronado EG, Pantaleón-Martínez AM, Velazquéz–Moctezuma J,
Prospéro–García O, Méndez–Díaz M, Pérez–Tapia M, et al. The bidirectional
relationship between sleep and immunity against infections. J Immunol Res.
2015;2015:678164.
38. Prather AA, Janicki-Deverts D, Hall MH, Cohen S. Behaviorally Assessed
Sleep and Susceptibility to the Common Cold. Sleep. 2015;38(9):1353–9.
39. Shephard RJ. Special feature for the Olympics: effects of exercise on the
immune system: overview of the epidemiology of exercise immunology.
Immunol Cell Biol. 2000;78(5):485–95.
40. Szabo G, Mandrekar P. A recent perspective on alcohol, immunity, and host
defense. Alcohol Clin Exp Res. 2009;33(2):220–32.
41. Fritschi L, Glass DC, Heyworth JS, Aronson K, Girschik J, Boyle T, et al.
Hypotheses for mechanisms linking shiftwork and cancer. Med Hypotheses.
2011;77(3):430–6.
42. Itoh H, Weng Z, Saito H, Ogawa Y, Nakayama K, Hasegawa–Ohira M, et al.
Association between night–shift work and serum 25–hydroxyvitamin D
levels in Japanese male indoor workers: a cross–sectional study.
Ind Health. 2011;49(5):658–62.
43. Gunville CF, Mourani PM, Ginde AA. The role of vitamin D in prevention
and treatment of infection. Inflamm Allergy Drug Targets. 2013;12(4):239–45.
44. Kroner JC, Sommer A, Fabri M. Vitamin D every day to keep the infection
away? Nutrients. 2015;7(6):4170–88.
45. Prasad P, Kochhar A. Interplay of vitamin D and metabolic syndrome:
A review. Diabetes Metab Syndr. 2015
46. Vanlint S. Vitamin D, and obesity. Nutrients. 2013;5(3):949–56.
47. Logan RW, Sarkar DK. Circadian nature of immune function. Mol Cell
Endocrinol. 2012;349(1):82–90.
48. Van Dycke KC, Pennings JL, Van Oostrom CT, Van Kerkhof LW, Van Steeg H,
van der Horst GT, et al. Biomarkers for circadian rhythm disruption
independent of time of day. PLoS ONE. 2015;10(5), e0127075.
49. Neil–Sztramko SE, Pahwa M, Demers PA, Gotay CC. Health–related
interventions among night shift workers: a critical review of the literature.
Scand J Work Environ Health. 2014;40(6):543–56.
50. Centers for Disease Control and Prevention. Seasonal Influenza (Flu). Atlanta:
Centers for Disease Control and Prevention; 2015. Available from:
http://www.cdc.gov/flu/about/qa/disease.htm.
51. Pijpe A, Slottje P, Van Pelt C, Stehmann F, Kromhout H, Van Leeuwen FE,
et al. The Nightingale study: rationale, study design and baseline
characteristics of a prospective cohort study on shift work and breast
cancer risk among nurses. BMC Cancer. 2014;14:47.
52. World Health Organization. Influenza: Data and statistics. Copenhagen:
World Health Organization Regional Office for Europe; 2015. Available from:
http://www.euro.who.int/en/health–topics/communicable–diseases/
influenza/data–and–statistics.
53. Stevens RG, Hansen J, Costa G, Haus E, Kauppinen T, Aronson KJ, et al.
Considerations of circadian impact for defining ‘shift work’ in cancer studies:
IARC Working Group Report. Occup Environ Med. 2011;68(2):154–62.
54. European Centre for Disease Prevention and Control. Influenza case
definitions. Stockholm: European Centre for Disease Prevention and Control;
2015. Available from: http://ecdc.europa.eu/en/healthtopics/influenza/
surveillance/Pages/influenza_case_definitions.aspx.
55. Hays RD, Martin SA, Sesti AM, Spritzer KL. Psychometric properties of the
Medical Outcomes Study Sleep measure. Sleep Med. 2005;6(1):41–4.
56. Allen RP, Kosinski M, Hill–Zabala CE, Calloway MO. Psychometric evaluation
and tests of validity of the Medical Outcomes Study 12–item Sleep Scale
(MOS sleep). Sleep Med. 2009;10(5):531–9.
57. Wendel–Vos GC, Schuit AJ, Saris WH, Kromhout D. Reproducibility and
relative validity of the short questionnaire to assess health–enhancing
physical activity. J Clin Epidemiol. 2003;56(12):1163–9.
58. Ward DS, Evenson KR, Vaughn A, Rodgers AB, Troiano RP. Accelerometer
use in physical activity: best practices and research recommendations.
Med Sci Sports Exerc. 2005;37(11 Suppl):S582–8.
59. Chau JY, van der Ploeg HP, Dunn S, Kurko J, Bauman AE. A tool for
measuring workers’ sitting time by domain: the Workforce Sitting
Questionnaire. Br J Sports Med. 2011;45(15):1216–22.
60. Lennernas M, Andersson I. Food–based classification of eating episodes
(FBCE). Appetite. 1999;32(1):53–65.
61. Khaleghipour S, Masjedi M, Kelishadi R. Circadian type, chronic fatigue, and
serum IgM in the shift workers of an industrial organization. Adv Biomed
Res. 2015;4:61.
62. Saksvik IB, Bjorvatn B, Hetland H, Sandal GM, Pallesen S. Individual
differences in tolerance to shift work–a systematic review. Sleep Med Rev.
2011;15(4):221–35.
63. Gründemann R, Smulders P, De Winter C. Manual, questionnaire on work
and health (Handleiding Vragenlijst Arbeid en Gezondheid). Lisse:
Swets & Zeitlinger; 1993.
64. Hooftman W, Mars G, Janssen B, De Vroome E, van den Bossche S. The
Netherlands working conditions survey 2014: Mehodology and overall
results (Nationale Enquête Arbeidsomstandigheden 2014: Methodologie
en globale resultaten). Hoofddorp: Dutch Organisation for Applied Scientific
Research (TNO); 2015.
65. Smulders P, Andries F, Otten F. What do the Dutch think about their work?:
design, quality and first results of the TNO Work Situation Survey
(Hoe denken Nederlanders over hun werk?: opzet, kwaliteit en eerste
resultaten van de TNO Arbeidssituatie Survey). Hoofddorp: TNO Work
and Employment; 2001.
66. Geurts SA, Taris TW, Kompier MA, Dikkers JS, Van Hooff ML, Kinnunen UM.
Work–home interaction from a work psychological perspective:
Development and validation of a new questionnaire, the SWING.
Work Stress. 2005;19(4):319–39.
Loef et al. BMC Public Health  (2016) 16:692 Page 10 of 11
67. Wagena E, Geurts SSWING. Development and validation of the
“Survey Work–home Interference–Nijmegen” (“SWING. Ontwikkeling
en validering van de” Survey Werk-thuis Interferentie—Nijmegen”).
Gedrag en Organisatie. 2000;28:138–58.
68. Roenneberg T, Wirz-Justice A, Merrow M. Life between clocks: daily
temporal patterns of human chronotypes. J Biol Rhythms.
2003;18(1):80–90.
69. Kessler RC, Barber C, Beck A, Berglund P, Cleary PD, McKenas D, et al.
The World Health Organization Health and Work Performance
Questionnaire (HPQ). J Occup Environ Med. 2003;45(2):156–74.
70. MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev Psychol.
2007;58:593–614.
71. Sobel ME. Asymptotic confidence intervals for indirect effects in structural
equation models. Sociol Methodol. 1982;13:290–312.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Loef et al. BMC Public Health  (2016) 16:692 Page 11 of 11
